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Abstract
Subseasonal variability of tropical Indian Ocean sea surface temperature is thought
to influence the active-break cycle of the Asian monsoon. There are several open ques-
tions related to the role of surface fluxes, large-scale ocean circulation and subsurface
ocean processes in the subseasonal variability of upper ocean temperature. We present
a unified study of the subseasonal (2-90 day) variability of surface heat flux and upper
ocean temperature and salinity throughout the tropical Indian Ocean in all seasons. We
focus on the relation between surface fluxes and ocean response using a new satellite-
based daily heat flux. The role of ocean processes (advection, entrainment and mixing)
in determining SST variability is diagnosed from the daily satellite SST.
Before the onset of the summer monsoon, sea surface temperature (SST) of the north
Indian Ocean warms to 30-32oC. Climatological mean mixed layer depth in spring
(March-May) is 10-20 m, and net surface heat flux (Qnet) is 80-100 Wm−2 into the
ocean. It has been suggested that observed spring SST warming is small mainly due
to (a) penetrative flux of solar radiation through the base of the mixed layer (Qpen),
(b) advective cooling by upper ocean currents and (c) entrainment of sub-mixed layer
cool water. We estimate the role of the first two processes in SST evolution from a
two-week ARMEX experiment in April-May 2005 in the the southeastern Arabian Sea.
The upper ocean is stratified by salinity and temperature, and mixed layer depth is
shallow (6 to 12 m). Current speed at 2 m depth is high even under light winds. Cur-
rents within the mixed layer are quite distinct from those at 25 m. On subseasonal
scales, SST warming is followed by rapid cooling. The cooling occurs although the
ocean gains heat at the surface - Qnet is about 105 Wm−2 in the warming phase, and
25 Wm−2 in the cooling phase; penetrative loss Qpen, is 80 Wm−2 and 70 Wm−2. In
the warming phase, SST rises mainly due to heat absorbed within the mixed layer, i.e.
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Qnet minus Qpen; Qpen, reduces the rate of SST warming by a factor of three. In the
second phase, SST cools rapidly because (a) Qpen, is larger than Qnet, and (b) advec-
tive cooling is ∼85 Wm−2. A calculation using time-averaged heat fluxes and mixed
layer depth suggests that diurnal variability of fluxes and upper ocean stratification
tends to warm SST on subseasonal time scale. Buoy and satellite data suggest that a
typical premonsoon intraseasonal SST cooling event occurs under clear skies and weak
winds, when the ocean is gaining heat. In this respect, premonsoon SST cooling in the
north Indian ocean is different from that due to MJO or monsoon ISO.
As a follow-up to ARMEX, we use a short dataset from a field campaign in the
premonsoon north Bay of Bengal to study diurnal variability of SST. In addition to the
standard meteorological and hydrographic parameters measured from shipborne in-
struments and buoy sensors, we obtained a two-hourly record of subsurface sunlight
profiles. Heat fluxes are seen to drive the SST warming during the day while both
advection and entrainment/mixing are important during the night. The simple heat
balance based on heat flux shows that it drives the diurnal cycle of SST, though ocean
processes contribute towards night time cooling; this has been confirmed using the
Price-Weller-Pinkel mixing model forced by heat flux and wind stress. A similar anal-
ysis for mixed layer salinity revealed that the salt balance in the region is dominated
by advection rather than freshwater flux or entrainment/mixing.
Buoy and satellite data show pronounced subseasonal oscillations of sea surface
temperature (SST) in the summertime north Indian Ocean. The SST oscillations are
forced mainly by surface heat flux associated with the active-break cycle of the south
Asian summer monsoon. The input of freshwater (FW) from summer rain and rivers
to the Bay is large, but not much is known about subseasonal salinity variability. We
use 2002-2007 observations from Argo floats with 5-day repeat cycle to study the sub-
seasonal response of temperature and salinity to surface heat and freshwater flux in
the central Bay of Bengal and central Arabian Sea. Estimates of surface heat and fresh-
water flux are based on daily satellite data sampled along the float trajectory. We find
that intraseasonal variability (ISV) of mixed layer temperature is mainly a response to
net surface heat flux minus penetrative radiation during the summer monsoon season.
In winter and spring, however, temperature variability appears to be mainly due to
ocean processes rather than local heat flux. Variability of mixed layer freshwater con-
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tent is generally independent of local surface flux (precipitation minus evaporation) in
all seasons. There are occasions when intense monsoon rainfall leads to local freshen-
ing, but these are rare. The large subseasonal fluctuations observed in FW appear to
be due to advection, suggesting that freshwater from rivers and rain moves in eddies
or filaments.
We have developed a new daily satellite-based heat flux dataset for the tropical In-
dian Ocean (30oE − 120oE, 30oS − 30oN ); satellite data include surface air temperature
and relative humidity from the Atmospheric Infrared Sounder (AIRS). On the seasonal
scale (> 90 days) the flux compares reasonably well with climatologies and other daily
data. On the subseasonal scale, our flux product has realistic behaviour relative to
buoy data at validation sites. An important result is that ocean processes (advection,
entrainment/detrainment, mixing at the base of the mixed layer) cool the tropical In-
dian Ocean SST by 8oC over the year. The largest contribution of ocean processes
(∼20oC SST cooling over the year) is in the western equatorial Indian Ocean. Ocean
processes generally cool the upper ocean in all seasons and all regions, except in boreal
winter, when they warm the north Indian Ocean. This is likely due to entrainment of
warm sub-mixed layer water in regions of inversions.
On subseasonal (2-90 days) scales, the contribution of air temperature and humid-
ity to latent heat flux is roughly equal to the contribution from wind speed variability:
Another interesting finding is that the contribution of air temperature and humidity in-
creases away from the equator. One of the most important contributions of this thesis is
the demonstration that tropical Indian Ocean SST has a coherent response to intrasea-
sonal changes in heat flux associated with organised convection in the summer hemi-
sphere. SST responds to flux in (i) the northeast Indian Ocean during May-October
and (ii) the 15oS-5oN region during November-April. In the winter hemisphere and
in regions with no organised convection, it is ocean processes and not fluxes which
drive the subseasonal changes in SST. This result suggests that SST ISV feeds back to
organise and sustain organised convection in the tropical atmosphere.
